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The Effect of Corrective Exercises and Swing Training on Pain and Pulmonary 
Function in Women with Kyphosis Deformity

Shahnaz Shahrjerdi1 , Fatemeh Omidi1 , Zahra Geramipour1  ‌ 

Abstract
Background Kyphosis is a postural condition characterized by an excessive thoracic spinal curve that leads to a 
rounded-back posture. Previous studies have indicated that spinal postural abnormalities are associated with alterations 
in lung volumes. The present study aimed to examine the effects of corrective exercises and swing training on pain and 
pulmonary function in women with kyphosis.
Methods This semi-experimental study was conducted on 43 women with kyphosis. Participants were randomly 
assigned to three groups: a control group, a swing training group, and a combined group (corrective exercises plus 
swing training). The Cobb angle was measured using a flexible ruler, pain was assessed using the Visual Analog Scale, 
and pulmonary parameters (FEV1, FVC, and FEV1/FVC) were evaluated using spirometry at the pre-test and post-
test stages. Training groups exercised for 8 weeks, with three sessions per week, each lasting 45 to 60 minutes. The 
control group continued their routine daily activities. Data were analyzed using one-way ANOVA and the Bonferroni 
post-hoc test.
Results The findings showed that both corrective and swing exercises significantly reduced the Cobb angle and 
back pain and improved pulmonary indices, including FVC and FEV1/FVC (p < 0.01). Between-group comparisons 
indicated that swing training produced the most significant reduction in the Cobb angle (p < 0.05). Additionally, the 
combined group, which performed both types of exercises, demonstrated superior improvements in back pain and in 
FVC and FEV1/FVC compared with the other groups (p < 0.05).

Conclusion All three interventions were effective in improving the examined variables, though their effectiveness 
varied. The combined approach appears to offer greater benefits for individuals with kyphosis, contributing to 
more comprehensive improvements. Therefore, incorporating both corrective exercises and swing training may be 
considered an effective therapeutic strategy for enhancing the condition of individuals with kyphosis.
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1  Introduction

Maintaining proper postural alignment is considered 
an important indicator of overall health. Poor habits in 
sitting, standing, walking, carrying objects, inappropriate 
clothing, occupational factors, heredity, illnesses, and 
anthropometric characteristics can impair growth and 
lead to postural abnormalities. These deviations not only 
disrupt optimal posture but may also cause dysfunction in 
other systems, such as the cardiovascular and respiratory 
systems, as well as various types of pain.[1]

Kyphosis is regarded as one of the most common 
postural deformities. Researchers consider any increase 
beyond the normal thoracic curvature (45 degrees) as 
an indication of this condition.[2] An increased kyphotic 
posture results in a rounded-back appearance. Evidence 
shows a significant relationship between various spinal 
postural abnormalities and changes in lung volumes. 
Individuals with a rounded thoracic posture demonstrate 
lower lung capacities and ventilatory volumes than those 
with normal posture.[3]

Lung capacities include vital capacity, functional residual 
capacity, and total lung capacity. In pulmonary functional 
assessments, forced vital capacity (FVC), which is 
the amount of air expelled from the lungs following a 
deep inhalation and a forceful exhalation, and forced 
expiratory volume in one second (FEV1), which is the 
fraction of the vital capacity expelled during the first 
second of a forceful exhalation, are commonly measured. 
In healthy individuals, FEV1 typically accounts for 75–
80% of the FVC and reflects airflow in the larger airways. 
Since FEV1 alone represents a raw value, it is commonly 
expressed as a percentage of FVC.[4]

Kyphosis is one of the most prevalent postural 
abnormalities and a major factor contributing to upper-
body pathology. Clinicians often manage affected 
individuals by prescribing standard corrective exercises 
based on Kendall’s theories. Thoracic spinal deformities 
can lead to pain and functional impairments throughout 
life.[5] Kyphosis may result from factors such as 
disc compression, vertebral fractures, osteoporosis, 
Scheuermann’s disease, and weakness of the extensor 
muscles of the spine. Genetic predisposition and poor 
postural habits, particularly in shy or tall individuals, 
also play a role. This deformity is associated with 
complications such as impaired motor and pulmonary 
function, increased risk of vertebral fractures, reduced 
chest expansion, and limited upper-limb mobility. 
Research evidence shows reduced respiratory indices 
in affected individuals, and the prevalence of postural 
abnormalities in Iran, especially among young adults, is 
increasing.[2]

For the correction of thoracic kyphosis, several 
approaches, such as manual therapy, postural re-education, 

taping, orthoses, and exercise therapy, are commonly 
used. In postural kyphosis, corrective exercises serve as 
the primary intervention. Various researchers, including 
Goodarzi, Hamidiyeh, and Roshani, have examined 
these methods, and training modalities such as Pilates, 
TRX, and the NASM approach have also been applied in 
studies aimed at improving kyphosis.[6,7]

Bodyweight resistance exercises performed under 
unstable conditions combine open- and closed-chain 
movements and can simultaneously enhance balance, 
flexibility, and strength. One of the commonly used tools 
in this domain is the swing, which consists of a padded 
hammock and six reinforced fabric handles, enabling 
exercises in semi-suspended or fully suspended positions. 
This device is widely employed in rehabilitation, 
correction of structural disorders, inversion therapy, and 
physical activity, and supports the body safely while 
allowing movement on an unstable surface.[8]

Inversion and anti-gravity exercises have a long history 
that spans thousands of years; the novelty lies in today’s 
modern equipment and updated methods. By suspending 
the body in space, these exercises reduce the influence of 
gravity and provide multiple benefits. In disciplines such 
as yoga, Pilates, and TRX, the requirement to maintain 
balance while suspended substantially increases muscular 
engagement and the body’s demand for stability. This 
condition also enhances flexibility and enlarges the range 
of motion in joints. In medical settings, suspension and 
inversion techniques can reduce spinal loading, improve 
blood circulation, and create deep stretches that relieve 
back and neck pain and decrease muscular tension.[8]

Given the extensive research on corrective training for 
kyphosis, particularly TRX, which is a form of suspension 
training, and considering that swing exercises also fall 
within the category of suspended training, it becomes 
increasingly important to examine the effects of such 
exercises on musculoskeletal abnormalities. To date, 
only one study in Iran has investigated swing exercises, 
focusing on balance in patients with multiple sclerosis. 
As such, research on the use of swing training to correct 
kyphosis remains lacking. Therefore, the present study 
seeks to answer the following question: What effects do 
corrective exercises and swing training have on pain and 
pulmonary function in women with kyphosis?

2  Methods

Study Design and Participants
This study employed a quasi-experimental design with 
a pretest–posttest format and included experimental and 
control groups. The study population consisted of all 
women diagnosed with kyphosis. From this population, 
45 women aged 20 to 50 years with kyphosis greater than 
45° were purposefully selected and randomly assigned 
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using Randlist software into three groups: Swing group 
(n = 15), Corrective Exercises + Swing group (n = 15), 
and Control group (n = 15). Sample size estimation was 
performed using G*Power software with a significance 
level of 0.05 and a statistical power of 0.85. During the 
study, two participants withdrew, reducing the sample 
size to 43; however, statistical power remained acceptable 
(> 0.8), ensuring the validity of the results.
Inclusion Criteria were women aged 20–50 years with 
kyphosis exceeding 45° and the presence of back pain in 
addition to kyphosis. Exclusion Criteria were a history 
of fractures, dislocations, osteoarthritis, or other spinal 
orthopedic problems, a history of surgery, abnormal 
pain experienced during testing, inadequate cooperation 
during tests, or a lack of willingness to continue 
participation. All participants provided written informed 
consent voluntarily before participation.

Intervention Protocol
Exercise protocols for the Swing and Corrective Exercises 
+ Swing groups were conducted over 8 weeks, with three 
sessions per week, each lasting 45–60 minutes. The 
Control group maintained their usual lifestyle without 
any intervention. Each session began with 10 minutes of 
warm-up exercises, including stretching, followed by 40 
minutes of group-specific exercises (corrective exercises 
and swing exercises for one group, swing exercises only 
for the other). Sessions concluded with 10 minutes of 
cool-down exercises. During the sessions, the researcher 
monitored participants to ensure correct body posture 
and joint angles.
Posttest measurements were conducted 48 hours after 
completing the training program under conditions similar 
to those of the pretest and were compared with pretest 
values and with those of the other groups.

Measurement Tools

VAS for Pain
Pain intensity was assessed by the researcher using the 
VAS, a standardized tool ranging from 0 to 10. The 
content validity of this instrument has been confirmed 
by a panel of physiotherapy and corrective exercise 
specialists. Its reliability and validity are excellent, 
with an intraclass correlation coefficient (ICC) of 0.91, 
indicating high measurement consistency.[9]

Flexible Ruler for Kyphosis Measurement
Thoracic kyphosis was measured pre- and post-
intervention using a flexible ruler approximately 60 
cm long, consisting of a narrow metal strip coated with 
plastic. The ruler can be bent in a single plane and retains 
its shape to a large extent.[3]

Participants were asked to remove upper-body clothing so 

that the researcher could palpate the spine and identify the 
second thoracic (T2) and twelfth thoracic (T12) vertebrae. 
To locate T2, the participant stood with the head slightly 
flexed forward. The most prominent vertebra, C7, was 
identified, and T2 was marked two vertebrae below it. 
To locate T12, participants placed their hands on a table, 
leaned slightly forward, and shifted their weight onto 
their hands. The researcher palpated the twelfth rib on 
both sides with the thumbs, tracing it upward and inward 
until it disappeared into the soft tissue. A straight line 
connecting the tips of the thumbs indicated the location 
of the T12 spinous process.
All measurements were taken with participants standing 
in a relaxed posture, feet evenly balanced, and looking 
forward. The flexible ruler was then molded along the 
spine to conform to its curvature, ensuring no gaps. The 
marked points were transferred onto the ruler, and the 
ruler was carefully removed and placed on paper. The 
curvature was traced, and the points were marked on the 
drawing. The distance between points (L) and the depth 
of the curve (H) were measured with the ruler, and these 
values were used in Formula 1 to calculate the kyphosis 
angle. Angles greater than 45° were considered indicative 
of kyphosis.[4]

The validity of this method has been confirmed by 
comparison with radiographic measurements, showing 
a high correlation (r = 0.91). Intra-rater and inter-rater 
reliability were 0.89, 0.92, and 0.82, respectively, 
indicating excellent reproducibility in measuring thoracic 
curvature.[10]

Spirometry
Lung capacity was measured using a spirometer, also 
referred to as a respirometer. Today, lung capacity can 
also be assessed using a plethysmograph. The spirometer 
consists of two chambers: an outer chamber (water 
chamber) and an inner chamber. The outer chamber is 
filled with water, while a floating drum is inverted and 
immersed in the water. Equilibrium is maintained by 
a weight attached to the top of the inverted drum via a 
string or chain. A pen connected to the counterweight 
records the drum’s movement on a calibrated recording 
sheet.
The inner chamber is inverted and contains a small hole 
at the top. A long metal tube passes through the inner 
chamber from bottom to top, exiting through the hole and 
extending into the water in the outer chamber above the 
water surface. A rubber tube is attached to the outer end 
of the metal tube, and a mouthpiece is connected to the 
other end of the rubber tube. Participants perform oral 
breathing while their nose is clipped. During exhalation, 
the drum rises, and the counterweight descends; during 
inhalation, the drum lowers, and the counterweight rises. 
These vertical movements are recorded as a graph, with 
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upward deflections indicating inhalation and downward 
deflections indicating exhalation.
The spirometer is designed for single-breath 
measurements. Its face and content validity have been 
confirmed in sports physiology and respiratory studies, 
and its reliability has been reported above 0.85 in similar 
studies, indicating adequate accuracy and reproducibility 
for measuring lung capacity.[11]

Grid Board
The grid board consists of a wooden or metal frame 
with thin longitudinal and transverse strings spaced 
10 cm apart, forming squares with 10 cm sides. The 
overall frame measures 100 × 200 cm. To assess postural 
abnormalities, the participant stands behind the grid 
board, while the examiner stands 3 m in front of it. 
The examiner uses the central red line of the grid as a 
reference and evaluates the alignment of specific body 
parts relative to it.
Participants wear minimal clothing, no shoes or socks, 
and stand comfortably in a designated position. A 

point approximately 45 cm behind the grid, aligned 
perpendicularly to the grid’s central vertical line, marks 
the participant’s center of gravity. The participant’s inner 
ankles are positioned 4 cm from this point. The researcher 
stands approximately 3–4 m from the grid, aligned with 
the central vertical line and the participant.
The examiner instructs the participant to adjust their 
body into three or four positions aligned with the vertical 
line. Observations are made from different angles and 
recorded according to the nearest observed body posture, 
cross-referenced with the New York test. The content 
validity of this tool has been confirmed by a panel of 
ergonomics and corrective exercise specialists. Observer 
reliability with the New York test has been reported 
as 0.83, indicating acceptable stability in postural 
assessment using this method.[12]

 The following tables summarize the exercise protocols 
used in this study. Table 1 presents the swing exercise 
protocol, and Table 2 shows the corrective exercise 
protocol combined with swing, including exercise type, 
duration, and frequency.

WeekExerciseNumber of setsRepetitions/duration

Week 1Stretching and hunching of the thoracic back muscles. 

Forward stretching of the back muscles.

310

Week 2Perform the exercises from the previous week, in addition to the new exercises:
Side incline position
Positioning under the apparatus, placing the swing on the back muscles, and allowing 
suspension.

310

Week 3Perform the exercises from the previous week, in addition to the new exercises:
Hands behind the back, grasp the straps, and assume an inclined position.
From the hip area, position on the swing, lift the legs to mid-pelvis, and hold the 
medium handles with the hands.

310

Week 4Perform the exercises from the previous week.310

Week 5Perform the exercises from the previous week, in addition to the new exercises:
Stand one meter in front of the apparatus, grasp the swing straps with hands at a com-
fortable distance, and move up and down.

320

Week 6Perform the exercises from the previous week, in addition to the new exercises:
Stand sideways at a distance from the apparatus, keep one hand stationary, and move 
the other hand forward and backward from the side.

330

Week 7Perform the exercises from the previous week, in addition to the new exercises:
Stand in front of the apparatus at a distance, grasp the medium handles, lean slightly 
forward, and perform lateral arm openings and closings.
Bend over the swing from the hip area.

330

Week 8Repeat the exercises following the previous week’s routine.330

Table 1 Swing training protocol
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For data analysis, descriptive statistics, such as the mean 
and standard deviation, were used. Inferential statistics 
included the Shapiro–Wilk test to assess the normality 
of data distribution, the paired t-test to examine within-
group differences, and one-way ANOVA to evaluate 
between-group differences. In cases of significant 
differences, the Bonferroni post hoc test was applied. All 
statistical analyses were performed using SPSS version 
26, with a significance level set at (p ≤ 0.05). Graphs 
were created using GraphPad PRISM 
Version 9.

3  Results

As observed, the descriptive indices of the participants’ 
demographic variables are presented separately in Table 
3.
The normality of data distribution was assessed using 

the Shapiro–Wilk test, and group homogeneity was 
evaluated using Levene’s test. Between-group differences 
were analyzed using one-way ANOVA, and in cases of 
significant differences, the Bonferroni post hoc test was 
applied. Within-group comparisons were conducted 
using the paired t-test. The results of the one-way 
ANOVA for between-group differences and the paired 
t-test for within-group comparisons of pain perception 
scores, Cobb angle, FVC, and FEV1/FVC are presented 
in Figure 1.

The results of the one-way ANOVA and paired t-test 
indicate that back pain, Cobb angle, FVC, and FEV1/
FVC showed significant differences after the intervention 
(p ≤ 0.05). In other words, the effectiveness of swing 
exercises and the combined swing with corrective 
exercises in reducing back pain, correcting the kyphosis 
angle, and increasing FVC and FEV1/FVC in women 
with kyphosis deformity is confirmed.

WeekExerciseNumber of setsRepetitions/duration

Week 1T Exercise 
W Exercise
Interlock the hands behind the body, move them away from the back, and lift and 
lower them.
Bend over the swing from the hip area and tuck the legs toward the abdomen.

310

Week 2Side inclined position.
Position under the apparatus, place the swing on the back muscles, and suspend the 
body.

310

Week 3Continue the exercises from the previous week and add the new exercises:
Lie on the stomach, spread the arms sideways, and lift and lower them along the sides.
Position under the apparatus, place the swing on the back muscles, and allow suspen-
sion.

310

Week 4Continue the exercises from the previous week and add the new exercises:
Place a full roller under the posterior chest muscles and roll it up and down.
Perform forward stretching of the back muscles.

310

Week 5Repeat the exercises from the previous week, increasing repetitions to 30.320

Week 6Repeat the exercises from the previous week and add the new exercise:
Place the hands on the wall and bring the chest closer to the wall.
Stand at a distance in front of the apparatus, grasp the medium handles, lean slightly 
forward, and perform lateral arm openings and closings.

330

Week 7Repeat the exercises following the previous week’s protocol.330

Week 8Repeat the exercises following the previous week’s protocol.330

Table 2 Corrective exercise protocol combined with swing
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Table 3 Demographic information

VariableSwing groupSwing + corrective exercise groupControl groupP-value

Age (years)2.30 ± 27.251.54 ± 29.752.39 ± 31.910.654

Height (cm) 7.67 ± 166.336.78 ± 165.668.04 ± 165.750.845

Weight (kg) 3.49 ± 59.664.03 ± 60.561.39 ± 61.340.296

Body mass index (kg/m²)1.94 ± 21.651.99 ± 22.131.38 ± 22.350.49

Figure 1 Within-group comparisons of back pain perception scores, Cobb angle, FVC, and FEV1/FVC
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4  Discussion

The present study aimed to investigate the effects of 
corrective exercises and swing training on pain, Cobb 
angle, and pulmonary function in women with kyphosis. 
The results showed that all three interventions led 
to a significant reduction in Cobb angle, with swing 
exercises demonstrating greater effectiveness. These 
findings are consistent with those of Dudoniene et al., 
who reported that swing exercises were more effective 
than conventional corrective exercises in reducing pain, 
improving Cobb angle, and enhancing trunk muscle 
endurance.[13] Similarly, Park et al. found that combined 
exercises positively influenced spinal alignment and 
balance.[14] Sepehri et al. also reported the beneficial role 
of swinging exercises on patient function.[15] However, 
Ko et al. reported that although lumbar stabilization 
and sling exercises improve strength and flexibility, 
they do not significantly affect the Cobb angle.[16] This 
discrepancy may be attributed to postural changes 
associated with kyphosis and the resulting muscular 
imbalances, a mechanism also highlighted by Sidi et al. 
in similar studies.[17]

In the present study, a significant reduction in Cobb angle 
was observed, which aligns with the findings of Vaughn and 
Brown regarding the effects of Schroth exercises on spinal 
curvature improvement.[18] Therefore, the results indicate 
that a combined exercise program, including stretching, 
strengthening, and Schroth exercises, improves postural 
alignment awareness, corrects muscular imbalances, and 
positively affects kyphosis.[19] Swing exercises, through 
three-dimensional and multiplanar movements, more 
effectively stimulate deep joint and muscle receptors. 
Kim et al. demonstrated that such multidimensional 
stimulation enhances proprioception and neuromuscular 
control.[20] Additionally, Li et al. reported that swing 
exercises facilitate deep stabilizer muscle activity by 
stimulating mechanoreceptors, which play a critical role 
in spinal alignment control. One reason for the greater 
effectiveness of swing exercises may be their influence 
on the fascial system.[21]

Schleip and Müller reported that multiplanar dynamic 
movements promote fascial tissue remodeling and 
flexibility, which may improve force transmission along 
kinetic chains and correct spinal alignment.[22] Studies 
have shown that swing exercises, by creating controlled 
instability, simultaneously activate deep and superficial 
trunk muscles. Unlike traditional corrective exercises 
that often target specific muscles, this activation pattern 
promotes more comprehensive muscular strengthening. 
Dynamic exercises in unstable environments are more 
effective in enhancing stabilizer muscle strength and 
endurance.[15,23] Furthermore, swing exercises, by 
generating controlled movements across various ranges, 

more effectively increase flexibility and range of motion. 
This improved mobility, combined with maintained 
dynamic stability, can contribute to more effective Cobb 
angle correction. The greater efficacy of swing exercises 
in reducing Cobb angle can be attributed to multiple 
factors: multidimensional neuromuscular stimulation, 
improved motor control, effects on the fascial system, 
and functional movement challenges. These findings can 
inform the design of more effective therapeutic protocols 
for individuals with kyphosis.[24]

The present study also showed that eight weeks of 
corrective exercises and swing training led to significant 
reductions in back pain among women with kyphosis. 
All three interventions produced meaningful pain 
reduction, with the combination of swing and corrective 
exercises yielding the most significant decrease. These 
results are consistent with previous studies reporting that 
swing, sling, and similar exercises positively impact low 
back pain in spinal deformities.[20] Kim et al. observed 
significant reductions in sway area, sway length, and 
sway velocity in the lumbar region. Reductions in 
sway parameters were greater in the swing group under 
dynamic conditions, reflecting the need for greater 
balance recovery. This suggests that lumbar swing 
exercises using the Neuro-Sc chain reduce pain, enhance 
proprioceptive-motor function, and activate neural roots, 
thereby improving postural control.[20,25]

Rehabilitation programs targeting neural root activation 
through the Neuro-Sc chain reduce pain, activate global 
and deep muscles, and enhance lumbar muscle strength.
[26] Shumway-Cook and Woollacott observed increased 
muscle activity when exercises were performed on an 
unstable support base. Strengthening deep muscles 
activates predictive postural control mechanisms, 
improving movement stability.[27] Suspended exercises 
using the Neuro-Sc method enhance neural root activation, 
smooth trunk-hip coordination, and reduce abnormal 
flexion-relaxation patterns. Lumbar stabilization 
exercises using the Neuro-Sc sling positively influence 
muscle responses and predictive postural control.[28]

Corrective exercises also contribute to spinal alignment 
by strengthening back extensors and stretching shortened 
anterior muscles.[29,30] The dynamic movements involved 
in swing exercises increase local blood flow, improving 
nutrient delivery to intervertebral discs and surrounding 
tissues, which aids tissue repair and regeneration. 
Additionally, the exercises influence the limbic system 
and reduce anxiety. Regular exercise increases endorphin 
release, improving mood and reducing anxiety, which 
can help break the pain-spasm-pain cycle.[23] Moreover, 
swing and sling exercises, through controlled stability 
challenges, strengthen the motor control system, 
enhancing neuromuscular coordination and movement 
patterns.
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Finally, combining corrective and swing-sling exercises 
produces a synergistic effect. Corrective exercises 
improve skeletal alignment and muscular balance, 
providing a foundation for the enhanced effectiveness 
of swing exercises. The efficacy of this combination 
in reducing back pain in individuals with kyphosis 
arises from multiple complex mechanisms, including 
improved neuromuscular control, postural correction, 
increased strength and flexibility, enhanced circulation, 
and psychoneurological benefits. Understanding these 
mechanisms can guide the development of optimized 
therapeutic protocols.[24]

Pulmonary Function Results
The results related to pulmonary function indicated 
that FVC and the FVC/FEV1 ratio improved following 
the intervention. These findings align with those of 
Eftekhari et al., who reported that corrective exercises 
positively affect chest expansion and respiratory 
function in individuals with kyphosis.[31] El Gendy et 
al. also demonstrated that mobilization with movement 
(MWM) combined with corrective exercises produced 
greater improvements in pulmonary indices compared 
to corrective exercises alone.[32] Additionally, Jang et 
al. reported that thoracic corrective exercises improve 
kyphosis angle, head posture, and vital capacity.[33]

Kyphosis and pulmonary function are closely linked, as 
kyphosis can lead to significant respiratory impairments. 
The literature shows that increased kyphotic angles are 
associated with reduced lung volumes and respiratory 
pressures, particularly in older adults, underscoring 
the importance of monitoring pulmonary function in 
individuals with kyphosis.[34] Kyphosis primarily results 
in restrictive lung disease, reducing forced expiratory 
volume and FVC. Studies also indicate that as kyphosis 
severity increases, pulmonary function declines, with a 
notable correlation between Cobb angle and lung volume 
in older adults.[35] Corrective movements have been 
shown to significantly improve pulmonary function in 
kyphotic patients, with positive correlations observed 
between localized kyphosis correction and enhanced 
lung volumes and respiratory performance. Clinically, 
posterior spinal interventions following tuberculous 
kyphosis have been evaluated for their effect on spinal 
deformity, guiding thoracic kyphosis management.[36]

In young adults, MWM combined with postural exercises 
significantly increased FVC and maximal voluntary 
ventilation compared to control groups.[32] Similarly, 
older women participating in chest corrective exercises 
demonstrated marked improvements in thoracic kyphosis 
and chest function, indicating a positive impact on 
respiratory health.[33] While both corrective exercises 
and surgical interventions show promising outcomes in 
enhancing pulmonary function in hyperkyphotic patients, 
individual variability in response underscores the need 

for personalized rehabilitation strategies. Some patients 
may experience limited improvements, highlighting the 
importance of tailored exercise programs.
Ishizuka et al. reported that dynamic exercises, such as 
swing training, enhance intervertebral disc perfusion and 
the viscoelastic properties of connective tissues, thereby 
contributing to spinal flexibility and deformability. Swing 
exercises, by introducing diverse movement challenges, 
help correct faulty movement patterns and break poor 
postural habits, promoting proper motor patterns.[36] 
Additionally, swing exercises engage the vestibular 
and visual systems, improving postural control and 
helping maintain correct spinal alignment.[20] Although 
traditional corrective exercises are effective in improving 
pulmonary function in kyphotic individuals, they have 
limitations, including being primarily single-plane and 
providing less challenge to the motor control system. 
They may also have limited transferability to functional 
activities.[15]

The study did not identify which specific exercises 
among the applied interventions had the most significant 
impact on outcomes, highlighting the need for further 
research comparing different functional exercises. Pelvic 
motion, which is related to thoracic kyphosis, was not 
measured in this study, leaving a gap in understanding 
the relationship between pelvic kinematics and spinal 
alignment. Strengthening exercises were included; 
however, back muscle strength was not measured, 
necessitating additional studies to confirm the effect of 
muscular strength on thoracic angle correction.

5  Conclusion

The findings of this study indicate that all three 
interventions, corrective exercises, swing exercises, 
and their combination, were effective in improving the 
assessed variables, though their relative effectiveness 
varied. For Cobb angle reduction, swing exercises 
alone demonstrated greater efficacy, likely due to their 
multidimensional nature and effects on the neuromuscular 
and fascial systems. Conversely, the combination of 
swing and corrective exercises was more effective in 
reducing back pain and improving pulmonary function 
indices (FVC and FVC/FEV1 ratio).
These findings suggest that a combined approach may 
offer multiple benefits, contributing to a comprehensive 
improvement in patient status. Overall, the study provides 
valuable evidence regarding the relative effectiveness of 
various interventions in treating kyphotic deformities 
and suggests that intervention selection should be 
based on primary treatment goals and individual patient 
conditions. When the main goal is Cobb angle reduction, 
swing exercises may be the preferred option, whereas 
a combined approach may yield better outcomes for 
patients experiencing pain and respiratory difficulties.
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